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1 . Type of Application 

[ ] This application is a new (non-continuing) application. 

[X] This application is a continuation of prior international application No. PCT/JP98/03586. 
Amend the specification by inserting before the first line the sentence: 

-This is a continuation of international patent application 
No. PCT/JP98/03586, filed August 10, 1998.- 

[ ] The entire disclosure of the prior application, from which a copy of the oath or declaration 
is supplied, is considered part of the disclosure of the accompanying application and is 
hereby incorporated by reference therein. 

If for some reason applicant has not requested a sufficient extension of time in the parent 
application, and/or has not paid a sufficient fee for any necessary response in the parent 
application and/or for the extension of time necessary to prevent the abandonment of the parent 
application prior to the filing of this application, please consider this as a Request for an Extension 
for the required time period and/or authorization to charge our Deposit Account No. 08-0750 for 
any fee that may be due. THIS FORM IS BEING FILED IN TRIPLICATE: one copy for this 
application; one copy for use in connection with the Deposit Account (if applicable); and one copy 
for the above-mentioned parent application (if any extension of time is necessary). 

2. Contents of Application 

a. Specification of 29 pages; 

[ ] A microfiche computer program (Appendix); 

[ ] A nucleotide and/or amino acid sequence submission; 

[ ] Because the enclosed application is in a non-English language, a verified English 
translation [ J is enclosed [ ] will be filed. 

[ ] Cancel original claims of the prior application before calculating the filing fee. (At 

least one original independent claim must be retained for filing date purposes.) 
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b. [X] Drawings on 6 sheets; 

c. [X] A signed Oath/Declaration is enclosed. 

The enclosed Oath/Declaration is newly executed. 
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$800.00 



[X] A check is enclosed to cover the calculated fees. The Commissioner is hereby authorized to 
charge any additional fees that may be required, or credit any overpayment, to Deposit 
Account No. 08-0750. A duplicate copy of this document is enclosed. 

[ ] The calculated fees will be paid within the time allotted for completion of the filing 
requirements. 



r 1 The calculated fees are to be charged to Deposit Account No. 08-0750. The Commissioner is 
hereby authorized to charge any additional fees that may be required, or credit any 
overpayment, to said Deposit Account. A duplicate copy of this document is enclosed. 



3. Priority Information 

rxi Foreign Priority: Priority based on international Application No. PCT/JP98/03586 filed 
August 1 0, 1 998, and Japanese Application No. 09-21 6539 filed August 11,1 997, is claimed. 

[X] A certified copy of the above referenced Japanese priority document is enclosed 
herewith. 

[ 1 Provisional Application Priority: Priority based on United States Provisional Application No. 
, filed , is claimed under 35 U.S.C. §1 19(e). 
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4. Other Submissions 

[ ] A Preliminary Amendment is enclosed. 

[X] An Information Disclosure Statement, 1 sheet of PTO Form 1449, and 3 
patent(s)/publications/documents are enclosed. 

[X] A power of attorney 

[X] is submitted with the new Oath/Declaration. 

[ ] is of record in the prior application and [ ] is in the original papers / [ ] a copy is 
enclosed. 

[ X ] An Assignment of the invention 

[ X ] is enclosed with a cover sheet pursuant to 37 C.F.R. §§3.1 1 , 3.28 and 3.31 . 

[ ] is of record in a prior application. The assignment is to , and is recorded at Reel 

, Frame(s) . 

[ ] An Establishment of Assignee's Right To Prosecute Application Under 37 C.F.R. §3.73(b), 
and Power Of Attorney is enclosed. 

[X] An Express Mailing Certificate is enclosed. 

[ ] Other: . . ■ 



Attention is directed to the fact that the correspondence address for this application is: 

Harness, Dickey & Pierce, P.L.C. 
P.O. Box 828 

Bloomfield Hills, Michigan 48303 
(248) 641-1600. 
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SPECIFICATION 



TITLE OF THE INVENTION 

AIR CONDITIONING APPARATUS FOR VEHICLE 

TECHNICAL FIELD 

The present invention relates to an air conditioning 
apparatus for a vehicle, in which air passes through a cooling 
heat exchanger upwardly from below. 

BACKGROUND ART 

In a conventional air conditioning apparatus for a 
vehicle described in JP-A-9-123748 , an evaporator (cooling 
heat exchanger) 21 is disposed approximately horizontally and 
air flows through the evaporator 21 upwardly from a lower side 
thereof, to reduce a size of an air conditioning unit 2. 

In the conventional apparatus, to improve draining 
performance of condensed water in the evaporator 21, the 
evaporator 21 is disposed to be inclined from a horizontal 
direction by a small angle 6 , a flow direction A of air blown 
by a blower (not shown) toward the lower side of the 
evaporator 21 is set to a vehicle width direction similarly to 
an inclination direction of the evaporator 21 and a tube 
longitudinal direction B of the evaporator 21. 

That is, the evaporator 21 is disposed to be inclined 
downwardly toward a flow forward side of air blown toward the 
lower side of the evaporator 21, and the longitudinal 



direction B of tubes 21a forming refrigerant passages in the 
evaporator 21 extends to the same direction as the flow 
direction A of blown-air. 

Thus, condensed water generated in the evaporator 21 
5 moves on a surface of the tubes 21a toward an inclination 

lower end portion C of the evaporator 21, due to gravity of 
condensed water and pressure of blown-air. Condensed water D 
is collected to the inclination lower end portion C of the 
evaporator 21, and falls downwardly from the inclination lower 

10 end portion C. 

However, as a result of an experiment and a study by 
the inventors of the present invention, the draining 
performance of condensed water from the evaporator 21 is 
deteriorated from the following reason. 

;i5 That is, according to the conventional apparatus, the 

condensed water D is collected in the inclination lower end 
portion C of the evaporator 21, and the inclination lower end 
portion C of the evaporator 21 is placed at an extending inner 
end of the flow direction A of blown-air. Therefore, main 

20 flow (i.e., the air flow having a high air-flow velocity) of 

blown-air is toward the inclination lower end portion C of the 
evaporator 21. As a result, a high pressure area E due to 
main flow of blown-air is formed around the inclination lower 
end portion C. 

25 Thus, condensed water does not fall and stays between 

fins 21b by a balance between the gravity of condensed water 
and air pressure for pushing the condensed water. Further, 
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when the air pressure applied to the condensed water is larger 
than the gravity of condensed water by a high velocity (Hi) 
operation of the blower, condensed water may be scattered 
toward a downstream air side (upper side) of the evaporator 
21. 

Thus, the draining performance of condensed water is 
deteriorated as described above. As a result, water contained 
in air blown into a passenger compartment is increased, and a 
windshield of the vehicle may be fogged. 



I DISCLOSURE OF THE INVENTION 

In light of the above-described problem, it is an 
object of the present invention to improve draining 
performance of condensed water of a cooling heat exchanger, in 

15 an air conditioning apparatus for a vehicle where air upwardly 

= passes through the cooling heat exchanger from below. 

" To achieve the above-described object, in the present 

invention, a cooling heat exchanger (21) is inclined in the 
same direction as a longitudinal direction (B) of tubes (21a) 

20 of the cooling heat exchanger (21), and the cooling heat 

exchanger (21) is disposed so that a flow direction (A) of air 
flowing into a lower side of the cooling heat exchanger (21) 
is perpendicular to the longitudinal direction (B) of the 
tubes (21a). 

25 Because the longitudinal direction (B) of the tubes 

(21a) of the cooling heat exchanger (21) corresponds to the 
inclination direction of the cooling heat exchanger (21), 
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condensed water generated in the cooling heat exchanger (21) 
moves along tube surfaces in the longitudinal direction (B) 
toward an inclination lower end portion (C) of the cooling 
heat exchanger (21) by gravity of condensed water, and 
5 condensed water (D) is collected to the inclination lower end 

portion (C) . 

On the other hand, because main flow air (i.e., air 
having a high flow velocity) blown toward the lower side of 
the cooling heat, exchanger (21) flows into a most inner 

10 position within the case (20), a high pressure area (E) due to 

the main flow air is formed at the most inner position on the 
lower side of the cooling heat exchanger (21). 

At this time, because a flow direction (A) of air 
flowing toward a lower side of the cooling heat exchanger (21) 

15 is perpendicular to the longitudinal direction (B) of the 

= tubes (21a), the inclination lower end portion (C) of the 

cooling heat exchanger (21) extends in parallel with the flow 
direction (A) of air, as shown in FIG. 5B. Therefore, the 
inclination lower end portion (C) of the cooling heat 

2 0 exchanger (21) corresponds (overlaps) to the high pressure 

area (E) at a very small part, and almost the inclination 
lower end portion (C) is positioned to be shifted from the 
high pressure area ( E ) . 

Therefore, almost condensed water (D) staying in the 

25 inclination lower end portion (C) can fall smoothly downwardly 

without being pushed by air pressure in the high pressure area 
(E). As a result, even in the air conditioning apparatus for 
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a vehicle where air passes through the cooling heat exchanger 
(21) from below upwardly, the draining performance of 
condensed water can be greatly improved. 

In the present invention, the flow direction (A) of 
air blown toward the lower side of the cooling heat exchanger 
(21) is in a vehicle width direction, and the longitudinal 
direction (B) of the tubes (21a) is a vehicle front-rear 
direction. Therefore, even in a case where the air 
conditioning apparatus is disposed in a small space of an 
instrument panel at a front side of a passenger compartment, 
the perpendicular relation between the flow direction (A) of 
air and the longitudinal direction (B) of the tubes (21a) can 
be readily obtained. 

Further, in the present invention, the air 
conditioning apparatus includes a blower unit ( 1 ) for blowing 
air, and an air conditioning unit (2) for adjusting 
temperature of air blown into the passenger compartment of the 
vehicle from the blower unit (1). In the air conditioning 
apparatus, the cooling heat exchanger (21) of the air 
conditioning unit (2) is disposed to be inclined from a 
horizontal direction by a small angle ( 0 ) so that air is 
introduced into the cooling heat exchanger (21) from below and 
flows upwardly, the cooling heat exchanger (21) is inclined in 
the same direction as the longitudinal direction (B) of the 
tubes (21a), and the cooling heat exchanger (21) is disposed 
so that the longitudinal direction (B) of the tubes (21a) is 
in the vehicle front-rear direction and the flow direction (A) 



of air blown from the blower unit (1) into the lower side of 
the cooling heat, exchanger (21) is in the vehicle width 
direction. 

Thus, in the air conditioning apparatus having the 
blower unit (1) and the air conditioning unit (2), the flow 
direction (A) of air blown toward the lower side of the 
cooling heat exchanger (21) is in the vehicle width direction, 
and the longitudinal direction (B) of the tubes (21a) is in 
the vehicle front-rear direction. Accordingly, the 

perpendicular relation between the flow direction (A) of air 
and the longitudinal direction (B) of tubes (21a) can be 
obtained. As a result, the draining performance of condensed 
water can be improved. Further, even when the air 

conditioning apparatus is disposed in a small space of the 
instrument panel at a front portion of the passenger 
compartment, the above-described perpendicular relation can be 
sufficiently proposed. 

In the present invention, the blower unit (1) can be 
disposed to be shifted to a front passenger's seat side in a 
front portion of the passenger compartment, and the air 
conditioning unit (2) can be disposed at a center portion in 
the front portion of the passenger compartment. 

Further, in the present invention, the cooling heat 
exchanger (21) is disposed to be inclined so that a vehicle 
front side of the cooling heat exchanger (21) becomes higher 
and a vehicle rear side thereof becomes lower. Therefore, an 
interference between the bottom of the case (20) and a vehicle 



floor which is higher at the vehicle front side can be readily 
prevented. Further, since the cooling heat exchanger (21) is 
inclined, an operation space of the air-mixing door (24) can 
be readily obtained. 

Further, in the present invention, a heating heat 
exchanger (22) for heating air is approximately horizontally 
disposed on an upper side of the cooling heat exchanger (21) 
at a vehicle front side so that a bypass passage (23) through 
which air bypasses the heating heat exchanger (22) is formed 
at a vehicle rear side of the heating heat exchanger (22). An 
air mixing door (24) for adjusting a ratio between an amount 
of air passing through the heating heat exchanger (22) and an 
amount of air passing through the bypass passage (23) is 
disposed between the cooling heat exchanger (21) and the 
heating heat exchanger (22). Further, a face opening portion 
(28) for blowing air toward an upper side of the passenger 
compartment is provided on an upper portion of the case (20) 
at a position of a vehicle rear side. 

Thus, within the case (20), an air passage from a 
downstream air side of the cooling heat exchanger (21) to the 
face opening portion (28) at the vehicle rear side through the 
bypass passage at the vehicle rear side can be formed 
straightly, thereby reducing air flow resistance during a face 
mode. 

In the present invention, the term of "perpendicular" 
is not limited to the relation where the flow direction (A) of 
air is crossed with the longitudinal direction (B) of the 



tubes (21a) by the just 90° angle, but includes the relation 
where the flow direction (A) of air is crossed with the 
longitudinal direction (B) of the tubes (21a) by an angle 
approximately equal to 90° . Similarly, the term of 
"horizontally" is not limited to the just horizontal 
direction, but includes an arrangement approximately 
horizontally. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a view showing an air conditioning apparatus 
mounted on a vehicle according to an embodiment of the present 
invention. FIG. 2 is a partially sectional front view showing 
an entire structure of the air conditioning apparatus for the 
vehicle in the embodiment. FIG. 3 is a side sectional view of 
an air conditioning unit in the embodiment. FIG. 4 is a 
perspective view showing an entire structure of an evaporator 
in the embodiment. FIGS. 5A, 5B are sectional views of the 
evaporator in the embodiment. FIGS. 6A, 6B are sectional 
views of an evaporator in a conventional technology. 

BEST MODE FOR CARRYING OUT THE INVENTION 
FIG. 1 shows a vehicle attachment state of an air 
conditioning apparatus of the embodiment. The air 

conditioning apparatus includes a blower unit 1 and an air 
conditioning unit 2. The blower unit 1 is disposed at a 
position shifted from a center portion of an instrument panel 
P to a front passenger's seat side (i.e., left side of a 



vehicle width direction in a vehicle having a right steering 
wheel). On the other hand, the air conditioning unit 2 is 
disposed at the center portion of the instrument panel P in a 
front portion of a passenger compartment. 
5 The blower unit 1 has an inside/outside air changeover 

box 11 in an upper part, for changing over between inside air 
(i.e., air inside the passenger compartment) and outside air 
(i.e., air outside the passenger compartment) to be introduced 
therein. The inside /outside air changeover box 11 is provided 
10 with an outside air inlet 12 and an inside air inlet 13, and 

the outside air inlet 12 and the inside air inlet 13 are 
opened and closed by an inside/outside air changeover door 
(not shown) . 

Under the inside/outside air changeover box 11, a 
15 blower 14 is disposed as shown in FIG. 3. The blower 14 is 

comprised of a centrifugal multi-blade fan (sirocco fan) 15, 
a fan driving motor 16, and a scroll casing 17. 

A rotating shaft of the fan 15 is disposed to extend 
in an approximately vertical direction (i.e., up-down 
20 direction of the vehicle). Therefore, with the rotation of 

the fan 15, air is sucked from the inside /outside air 
changeover box 11, is introduced into the blower 14 through a 
bell mouth-shaped suction port provided at the upper part of 
the scroll casing 17, and is blown in an approximately 
25 horizontal direction (i.e., from left to right of the 

passenger compartment in FIG. 1) towards an outlet of the 
scroll casing 17. 
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On the other hand, an air conditioning unit 2 is 
constructed as shown in FIGS. 2, 3. FIG. 3 is a sectional 
view when viewed from a left side in FIG. 2. The air 
conditioning unit 2 includes a case 20 made of resin. The 
case 2 0 is formed approximately into a vertical longer box 
shape, and is constructed by connecting plural division cases 
to accommodate the components described later. 

An air inlet 20a is opened at a lowest position of the 
case 20 on a side surface of a front passenger's seat side 
(i.e., vehicle left side). The air inlet 20a has a thin and 
long flat sectional shape in a vehicle front-rear direction, 
and is connected to an outlet portion of the scroll casing 17 
through a connection duct 18. Therefore, air blown by the fan 
17 of the blower 14 flows into the air inlet 20. 

An air inlet space 20b into which air from the air 
inlet 2 0a flows is formed in the case 2 0 at the bottom side 
over an entire length of the case 20 in the vehicle width 
direction. At an upper side of the air inlet space 20b, an 
evaporator (i.e., cooling heat exchanger) of a refrigerant 
cycle is disposed approximately horizontally. Therefore, air 
blown from the blower unit 1 is introduced into the evaporator 
21 from below, and passes through the evaporator 21 upwardly. 

The structure of the evaporator 21 and an arrangement 
thereof will be described in detail. FIG. 4 shows the 
structure of the evaporator 21. The evaporator 21 has a 
plurality of tubes 21a each of which is formed by connecting 
a pair anti-corrosive metal sheets (two sheets) such as 



aluminum sheets. In the evaporator 21, a longitudinal 
direction of each flat tube 21a is an up-down direction of 
FIG. 4, and each tube 21a forms a refrigerant passage through 
which refrigerant flows in the longitudinal direction. 

The evaporator 21 is a lamination type in which the 
tubes 21 is laminated through corrugated fins 21b in a left- 
right direction of FIG. 4. A core portion 21c is formed by 
the tubes 21a and the corrugated fins 21b arranged between 
adjacent tubes 21a. In the evaporator 21, air passes through 
clearance portions of the core portion 21c to be cooled. 

On both opposite ends of the core portion 21c, there 
are arranged tank portion 2 Id, 21e for distributing the 
refrigerant into the tubes 21a and for joining the refrigerant 
from the tubes 21a. The tank portions 2 Id, 21e are formed 
from protruding portions at both ends of the metal sheet 
forming the tubes 21a. Further, a pipe joint 21f having a 
refrigerant inlet and a refrigerant outlet is disposed in one 
end portion (i.e., left end portion of FIG. 4) of the 
evaporator 21 in a lamination direction of the tubes 21 (i.e., 
metal sheets). The entire structure of the evaporator 21 is 
assembled through aluminum-brazing. 

As shown in FIG. 3, one side tank portion 21d at a 
side of the pipe joint 21f is placed at a vehicle front side, 
and the other side tank portion 21e is placed at a vehicle 
rear side. Further, the evaporator 21 is inclined relative to 
a horizontal direction by a small angle 9 (e.g., 25° ) so that 
the tank portion 2 Id at the vehicle front side becomes higher 



and the tank portion 21e at the vehicle rear side becomes 
lower . 

Because the evaporator 21 is disposed as described 
above, the longitudinal direction (refrigerant flow direction) 
B of the tubes 21a of the evaporator 21 is perpendicular to 
the air flow direction (paper face-back direction of FIG. 3) 
A at the lower side of the evaporator 21. 

A bottom portion 2 0C of the case 20 is formed to 
become lower from the vehicle front side toward the vehicle 
rear side along the inclination angle 6 of the evaporator 21. 
A drain pipe 20d is opened in the bottom portion 20c at a 
lowest position (i.e., a lower side of the inclination lower 
end portion of the evaporator 21) on the vehicle rear side. 
The drain pipe 2 0d can be formed integrally with the bottom 
portion 20c of the case 20 made of resin, and a drain hose 
(not shown) is connected to a lower end of the drain pipe 2 0d. 
Thus, condensed water falling onto the bottom portion 2 0c of 
the case 20 can be discharged to the outside of the vehicle 
through the drain pipe 20d and the drain hose (not shown) 
connected to the drain pipe 20d. 

A heater core (i.e., heating heat exchanger) 22 is 
disposed approximately horizontally on a downstream air side 
of the evaporator 21 at a vehicle front side position. The 
heater core 22 is inclined by a small angle in a reverse 
direction with the evaporator 21 so that the vehicle front 
side of the heater core 22 becomes lower and the vehicle rear 
side thereof becomes higher. The heater core 22 heats air 



blown from the evaporator 21 by using an engine-cooling water 
(hot water) as a heating source. Relative to the heater core 
22, a bypass passage 23 is formed at a vehicle rear side. 

An air mixing door 24 rotated by a rotation shaft 24a 
is disposed rotatably between the evaporator 21 and the heater 
core 22 to adjust a ratio between an amount of warm air heated 
while passing through the heater core 22 and an amount of cool 
air passing through the bypass passage 23. The air mixing 
door 24 functions as temperature adjusting mean for adjusting 
the temperature of air blown into the passenger compartment by 
adjusting the ratio between the warm air and the cool air. 

At the upper portion of the heater core 22 in an air 
conditioning case 20, a warm air passage 25 through which warm 
air having passed through the heater core 22 flows from a 
vehicle front side to a vehicle rear side is formed by a wall 
portion 26 of the case 25. Warm air from the warm air passage 
2 5 and cool air from the bypass passage 23 are mixed in an 
air-mixing chamber 27 so that conditioned air having a 
predetermined temperature is obtained. 

A face opening portion 28 is opened on an upper 
surface portion of the case 20 at a vehicle rear side, and 
communicates with a face air outlet through which air is blown 
toward an upper side (the passenger's head side) of the 
passenger compartment. Here, because the face opening portion 
28 is positioned at an upper side (air downstream side) of the 
evaporator 21 approximately linearly through the bypass 
passage 23, cool air having passed through the evaporator 21 
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can be introduced into the face opening portion 28 with small 
air-flowing resistance, during a maximum cooling operation. 

Further, a defroster opening portion 29 is opened on 
the upper surface portion of the case 20 at a vehicle front 
5 side, and the defroster opening portion 29 communicates with 

a defroster air outlet (not shown) for blowing air toward an 
inner surface of a front windshield of the vehicle. 

Further, a foot opening portion 30 is opened on left 
and right side surfaces (see FIG. 2) of the case 20, at an 

10 immediately upper position of the warm air passage 25, and the 

foot opening portion 3 0 communicates a foot air outlet (not 
shown) for blowing air toward the foot portion of a passenger 
in the passenger compartment. To open and close the opening 
portions 28-30, two air-blowing mode switching doors 31, 32 

15 are disposed to be rotated by rotation shafts 31a, 32a 

respectively . 

The air-blowing mode switching door 31 opens and 
closes the face opening portion 28 and an inlet portion of a 
communication path 33. The communication path 33 is a common 

20 air introducing path through which air from the air-mixing 

chamber 27 is introduced into both of the defroster opening 
portion 2 9 and the foot opening portion 30. On the other 
hand, the air-blowing mode switching door 32 switches between 
the communication path 33 and the defroster opening portion 

25 29, and between the communication path 33 and the foot opening 

portion 30. 

in FIG. 3, reference number 40 indicates the passenger 
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compartment, reference number 41 indicates an engine 
compartment , and reference number 42 indicates a dashboard 
partitioning the passenger compartment 40 and the engine 
compartment 41, and reference number 43 indicates a 
floorboard. The inclination of the bottom portion 20c of the 
case 2 0 is also used for preventing an interference with an 
inclination of the floorboard 43 in the vehicle front-rear 
direction. 

Next, operation of the embodiment of the present 
invention will be explained. Air from the inside/outside air 
changeover box 11 of FIGS. 1, 2 flows approximately 
horizontally within the scroll casing 17 by the fan 15, and 
flows into the air inlet space 20b at the lower side of the 
evaporator 21 from the air inlet 20a through the connection 
duct 18 as shown by arrow A. Thereafter, the flow direction 
of air is changed to upwardly in the air inlet space 2 0b, and 
air is dehumidified and cooled while passing through the 
evaporator 21 upwardly. 

According to the rotation position of the air-mixing 
door 24, cool air having passed through the evaporator 21 is 
divided into cool air to be introduced into the heater core 22 
and cool air to be introduced into the bypass passage 23. 
Thereafter, warm air heated in the heater core 22 and cool air 
from the bypass passage 23 are mixed in the air-mixing chamber 
27 so that conditioned air having a predetermined temperature 
can be obtained. Next, the conditioned air having the 
predetermined temperature is blown into the passenger 



compartment through at least one of the face opening portion 
28, the defroster opening portion 29 and the foot opening 
portion 30 switched by the air-blowing mode switching doors 
31, 32, so that the passenger compartment is conditioned. 
5 In the arrangement of the air conditioning unit 2, the 

evaporator 21 is disposed approximately horizontally, and air 
is blown into the evaporator 21 from below upwardly. 
Therefore, a falling direction of condensed water is opposite 
to the air-blowing direction, and it is a problem to improve 

10 draining performance of condensed water generated in the 

evaporator 21. 

According to the present invention, by the following 
structure, the draining performance of the condensed water is 
improved. That is, as shown in FIG. 3, the evaporator 21 is 

15 disposed to be inclined to the same direction as the 

longitudinal direction B of the tubes 21a by the small 
inclination angle 6 . Preferably, the inclination angle 0 
of the evaporator 21 is larger than 10° to reduce water amount 
contained in the evaporator 21. Further, preferably, the 

20 inclination angle 6 is smaller than 30° to reduce the 

dimension of the evaporator 21 in the up-down direction. 

In addition to the inclination arrangement of the 
evaporator 21, the evaporator 21 is disposed so that the 
longitudinal direction B of the tubes 21a is perpendicular to 

25 the flow direction A of air blown toward the lower side of the 

evaporator 21. That is, the flow direction A of air blown 
toward the lower side of the evaporator 21 is in the vehicle 
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width direction as shown in FIGS. 2, 5B, and the longitudinal 
direction B of the tubes 21a of the evaporator 21 is in the 
vehicle front-rear direction as shown in FIGS. 3, 5A. 

Thus, main flow air (i.e., the air having a high 
velocity) blown toward the lower side of the evaporator 21 
flows into the most right position in the air inlet space 20b. 
As a result, a high pressure area E of the main flow air is 
formed at the most right position in the air inlet space 20b. 

On the other hand, because the longitudinal direction 
B of the tubes 21a is the same as the inclination direction of 
the evaporator 21, condensed water generated in the evaporator 
21 moves along the surfaces of the tubes 21a in the 
longitudinal direction B of the tubes 21a toward an 
inclination lower end portion C of the evaporator 21 by 
gravity of the condensed water, and condensed water D is 
collected at the inclination lower end portion C. In this 
case, the inclination lower end portion C of the evaporator 21 
is positioned at a vehicle rear side, and extends 
approximately in an entire length of the air inlet space 20b. 
Therefore, a position where the inclination lower end portion 
C of the evaporator 21 corresponds (i.e., overlaps) to the 
high pressure area E of the air inlet space 20b is only a part 
at the vehicle right side as shown in FIG. 5B, and a large 
part of the inclination lower end portion C is shifted from 
the high pressure area E. 

Therefore, almost condensed water D staying in the 
inclination lower end portion C can fall smoothly downwardly 



as shown by arrow F in FIG. 5B without being pushed by air 
pressure in the high pressure area E. 
(The other Embodiment) 

In the above-described embodiment, the rotation axis 
5 of the blower 14 of the blower unit is disposed approximately 

toward in the up-down direction, and the inside/outside air 
changeover box 11 is disposed at the upper side of the blower 
14. However, the rotation axis of the blower 14 may be 
disposed toward in the vehicle front-rear side (horizontal 

10 direction), and the inside/outside air changeover box 11 may 

be disposed at a vehicle front side of the blower 14. 

According to this arrangement, the inside/outside air 
changeover box 11 can be disposed at the same position level 
as the blower 14, the position of the outside air inlet 12 can 

15 be made lower as compared with the above-described embodiment. 

Thus, this arrangement is profitable when it is necessary to 
set the outside air inlet 12 at a low position in a vehicle. 

Further, in the above-described embodiment, the 
evaporator 21 is a laminated type, but it is noted that the 

20 type of the evaporator is not limited thereto and may be a 

serpentine type with a multi-porous flat tube bent in a snake- 
like shape and combined with corrugated fins. 

In the above-described embodiment, there is explained 
a double tank type evaporator 21 where the tank portions 2 Id, 

25 21e are formed at both end portions of each tube 21a in the 

longitudinal direction B. The present invention, however, is 
applicable to an air conditioning apparatus having a single- 
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tank type evaporator in which a tank portion (2 Id, 21e) is 
disposed only at one end portion of each tube 21 in the 
longitudinal direction. 

Further, in the above-described embodiment, as shown 
in FIG. 3, the evaporator 21 is inclined so that the vehicle 
front side of the tubes 21 in the longitudinal direction B is 
made higher and the vehicle rear side thereof is made lower. 
However, reversely, the evaporator 21 is inclined so that the 
vehicle front side of the tubes 21 in the longitudinal 
direction B is made lower and the vehicle rear side thereof is 
made higher. 

Further, a guide member for guiding the fall of 
condensed water may be disposed between the inclination lower 
end portion C of the evaporator 21 and the bottom portion 20c 
of the case 20 to facilitate the fall of the condensed water. 

Further, instead of the evaporator 21 in which 
refrigerant of a refrigerant cycle flows, the present 
invention is applicable to a cooling heat exchanger in which 
cool water cooled by a cooling unit flows . 

Further, in the above-described embodiment, there is 
described a front air conditioning apparatus in which the 
blower unit 1 and the air conditioning unit 2 are disposed at 
a lower portion of the instrument panel P at a front portion 
within the passenger compartment. However, the present 
invention is applicable to a rear air conditioning apparatus 
disposed at a rear side of the passenger compartment. in this 
case, it is point that the evaporator 21 is disposed so that 
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the flow direction A of air flowing into the lower side of the 
evaporator 21 is perpendicular to the longitudinal direction 
B of tubes 21, and the other portions may be variably changed. 

Further, in the above-described embodiment, as a 
5 temperature adjusting unit, the air mixing door 24 for 

adjusting a ratio between an amount of warm air passing 
through the heater core 22 and an amount of cool air passing 
through the bypass passage 23 is used. However, a hot water 
control valve (not shown) for controlling a flow amount of hot 

10 water flowing into the heater core 22 may be provided as the 

temperature adjusting unit, and air-heating amount is adjusted 

; by the heater core 22 so that the temperature of air blown 

into the passenger compartment is adjusted. 



15 FIELD OF INDUSTRIAL APPLICATION 

The present invention is for improving draining 
performance of condensed water in a vehicle air conditioning 
apparatus in which air passes through a cooling heat exchanger 
from below upwardly, and is suitably applied to a vehicle air 
20 conditioning apparatus for reducing attachment space. 
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WHAT IS CLAIMED IS: 

1 . An air conditioning apparatus for a vehicle having 
a passenger compartment, said air conditioning apparatus 
comprising: 

5 a case forming an air passage; and 

a cooling heat exchanger for cooling air passing 
therethrough, disposed in said case, wherein: 

said cooling heat exchanger has a plurality tubes 
extending in a longitudinal direction, through which a fluid 
10 flows; 

1 said cooling heat exchanger is disposed in said case 

to be inclined from a horizontal direction by a predetermined 
angle so that air is introduced into said cooling heat 
exchanger from below and flows upwardly; 

15 said cooling heat exchanger is inclined in the same 

direction as the longitudinal direction of said tubes; and 

said cooling heat exchanger is disposed so that a flow 
direction of air flowing into a lower side of said cooling 
heat exchanger is approximately perpendicular to the 

20 longitudinal direction of said tubes. 

2. The air conditioning apparatus according to claim 
1, wherein: 

said flow direction of air is in a vehicle width 
25 direction; and 

said longitudinal direction of said tubes is in a 
vehicle front-rear direction. 
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3. The air conditioning apparatus according to claim 
2, wherein: 

said cooling heat exchanger includes a tank portion 
for distributing fluid into said tubes and for joining fluid 
5 from said tubes , said tank portion being provided at least on 

one end side of each tube in the longitudinal direction; 

said tank portion includes a joint portion having an 
inlet for introducing fluid into said cooling heat exchanger 
and an outlet for discharging fluid from said cooling heat 
10 exchanger; and 

said joint portion is disposed on an end surface of 
said tank portion in the vehicle width direction. 

4. The air conditioning apparatus according to claim 
15 2, wherein said cooling heat exchanger is disposed to be 

inclined in the vehicle front-rear direction to have a first 
end at a vehicle front side and a second end at a vehicle rear 
side in the vehicle front rear direction, said first end of 
said cooling heat exchanger being arranged at a position 
20 higher than said second end thereof in a vehicle up-down 

direction . 

5. The air conditioning apparatus according to claim 
4 , wherein : 

25 said case has a bottom surface portion on a lower side 

of said cooling heat exchanger; 

said bottom surface portion is inclined to correspond 
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to said cooling heat exchanger so that a vehicle front side of 
said bottom surface portion becomes higher than a vehicle rear 
side thereof; and 

said case has a drain hole for draining condensed 
5 water generated in said cooling heat exchanger, at a lowest 

position of said bottom surface portion. 



6. The air conditioning apparatus according to claim 
5, wherein: 

10 said case has an air inlet through which air blown by 

said blower unit flows into the lower side of said cooling 

heat exchanger in said flow direction; and 

said air inlet is formed between said cooling heat 

exchanger and said bottom surface portion along each 
15 inclination of said cooling heat exchanger and said bottom 

surface portion. 

7 . The air conditioning apparatus according to claim 
1, further comprising: 

20 a heating heat exchanger for heating air from said 

cooling heat exchanger, said heating heat exchanger being 
disposed on an upper side of said cooling heat exchanger at a 
vehicle front side so that a bypass passage through which air 
bypasses said heating heat exchanger is formed at a vehicle 

25 rear side of said heating heat exchanger; and 

an air mixing door, disposed between said cooling heat 
exchanger and said heating heat exchanger, for adjusting a 
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ratio between an amount of air passing through said heating 
heat exchanger and an amount of air passing through said 
bypass passage, 

wherein said case has a face opening portion for 
blowing air toward an upper side of the passenger compartment, 
at a vehicle rear side on an upper portion of said case. 

8. An air conditioning apparatus for a vehicle having 
a passenger compartment and en engine compartment partitioned 
by a dashboard having a floorbord, said air conditioning 
apparatus comprising: 

a blower unit for blowing air; and 

an air conditioning unit for adjusting temperature of 
air blown into the passenger compartment of the vehicle from 
said blower unit, wherein: 

said air conditioning unit includes 

a case forming an air passage, and 
a cooling heat exchanger, disposed in said 
case, for cooling air passing therethrough; 

said cooling heat exchanger is disposed in said case 
to be inclined from a horizontal direction by a predetermined 
angle so that air is introduced into said cooling heat 
exchanger from below and flows upwardly; 

said cooling heat exchanger has a plurality of tubes, 
extending in a longitudinal direction, through which fluid 
flows ; 

said cooling heat exchanger is inclined in the same 



direction as the longitudinal direction of said tubes; and 

said cooling heat exchanger is disposed so that the 
longitudinal direction of said tubes is in a vehicle front- 
rear direction and a flow direction of air blown from said 
blower unit into a lower side of said cooling heat exchanger 
is in a vehicle width direction. 

9. The air conditioning apparatus according to claim 
8, wherein: 

said air conditioning unit is disposed at a center 
portion on a front side of the passenger compartment; and 

said blower unit is disposed to be shifted from said 
air conditioning unit at a side in the vehicle width 
direction. 

10. The air conditioning apparatus according to claim 
8, wherein: 

said cooling heat exchanger includes a tank portion 
for distributing fluid into said tubes and for joining fluid 
from said tubes, said tank portion being provided at least on 
one end side of each tube in the longitudinal direction; 

said tank portion includes a joint portion having an 
inlet for introducing fluid into said cooling heat exchanger 
and an outlet for discharging fluid from said cooling heat 
exchanger; and 

said joint portion is disposed on an end surface of 
said tank portion in the vehicle width direction. 



11. The air conditioning apparatus according to claim 
8, wherein said cooling heat exchanger is disposed to be 
inclined in the vehicle front-rear direction to have a first 
end at a vehicle front side and a second end at a vehicle rear 
5 side in the vehicle front-rear direction, said first end of 

said cooling heat exchanger being arranged at a position 
higher than said second end thereof in a vehicle up-down 
direction. 



10 12. The air conditioning apparatus according to claim 

11, wherein: 

said case has a bottom surface portion on a lower side 
of said cooling heat exchanger; 
- said bottom surface portion is inclined to correspond 

15 to said cooling heat exchanger so that a vehicle front side of 

said bottom surface portion becomes higher than a vehicle rear 
side thereof; and 

said case has a drain hole for draining condensed 
water generated in said cooling heat exchanger, at a lowest 
20 position of said bottom surface portion. 



13 . The air conditioning apparatus according to claim 
11, wherein: 

said case has a bottom surface portion between said 
25 cooling heat exchanger and said floorboard; 

said bottom surface portion is inclined to correspond 
to said cooling heat exchanger so that a vehicle front side of 
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said bottom surface portion becomes higher than a vehicle rear 
side thereof; and 

the floorboard is inclined to correspond to said 
cooling heat exchanger so that a vehicle front side of the 
floorboard becomes higher than a vehicle rear side thereof. 

14. The air conditioning apparatus according to claim 
12, wherein: 

said case has an air inlet through which air blown by 
said blower unit flows into a lower side of said cooling heat 
exchanger in said flow direction; and 

said air inlet is formed between said cooling heat 
exchanger and said bottom surface portion along each 
inclination of said cooling heat exchanger and said bottom 
surface portion. 

15. The air conditioning apparatus according to claim 
8 , wherein said blower unit includes 

an inside/outside air switching unit having an outside 
air inlet for introducing air outside the passenger 
compartment, an inside air inlet for introducing air inside 
the passenger compartment, and an inside/outside switching 
door for opening and closing said outside air inlet and said 
inside air inlet, and 

a blower for blowing air introduced from said 
inside/outside air switching unit, said blower being disposed 
at a downstream air side of said inside/outside air switching 
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unit in such a manner that a rotation axis of said blower is 
approximately in the vehicle front-rear direction. 

16. The air conditioning apparatus according to any 
5 one of claims 15, wherein said inside/outside air switching 

unit is disposed at a vehicle front side of said blower in the 
vehicle front-rear direction. 

17. The air conditioning apparatus according to claim 
10 8, further comprising: 

a heating heat exchanger for heating air from said 
cooling heat exchanger, said heating heat exchanger being 
disposed on an upper side of said cooling heat exchanger at a 
vehicle front side so that a bypass passage through which air 
[15 bypasses said heating heat exchanger is formed at a vehicle 

rear side of said heating heat exchanger; and 

an air mixing door, disposed between said cooling heat 
exchanger and said heating heat exchanger, for adjusting a 
ratio between an amount of air passing through said heating 
20 heat exchanger and an amount of air passing through said 

bypass passage, 

wherein said case has a face opening portion for 
blowing air toward an upper side of the passenger compartment, 
at a vehicle rear side on an upper portion of said case. 

25 
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ABSTRACT 

in an air conditioning apparatus where air flows 
through a cooling heat exchanger (21) upwardly from below, it 
is an object to improve draining performance of condensed 
water in the cooling heat exchanger (21). To achieve this 
object, the cooling heat changer (21) for cooling air is 
disposed in a case (20) forming an air passage to be inclined 
by a small angle ( Q ) from a horizontal direction, the 
inclination direction of the cooling heat exchanger (21) is 
the same direction as a longitudinal direction (B) of tubes 
(21a) through which cooling fluid flows, and the cooling heat 
exchanger (21) is disposed so that a flow direction (A) of air 
flowing into a lower side of the cooling heat exchanger (21) 
is perpendicular to the longitudinal direction (B) of the 
tubes (21a). 



FIG. I 




FIG. 3 




FIG. 4 
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